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(57) Abstract 

A software system is used for extending classification attributes in the analysis of production data. The Recipe Editor (810) permits 
the user to create a Recipe Framework (820). The recipe is applied to the DataSet Framework (830) through the Application Modules (840), 
and with the Graphic User Interface (GUI) Framework (850), a Page (860) is produced in the Window format. The Recipe Framework (820) 
also interfaces with the Scheduler and Event Service (870), providing automatic execution and publication of production data analyses at 
future specified times. The software operates in an object-oriented Windows environment with increased flexibility because it permits the 
user to add defect classifications by dragging and dropping with a computer mouse. When a cluster classification is executed, a production 
map is filtered to remove the non-defect data according to selected classification; the defect attribute is then readily visible. 
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SOFTWARE SYSTEM AND METHOD FOR EXTENDING 



CLASSIFICATIONS AND ATTRIBUTES IN PRODUCTION 

ANALYSIS 

5 RELATED APPLICATIONS 

This application is related to a co-pending PCT Patent Application 
corresponding to U.S. Patent Application Serial No. 08/958,780, filed on 
October 27, 1997, and entitled, "Software System and Method for 
Graphically Building Customized Recipe Flowcharts," which is hereby 
1 0 incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

15 

This invention relates to computer software for quality control 
applications of semiconductor production lines, particularly, a software 
package for extending namespace classifications in the analysis of 
production data. 

20 

2. Description of the Prior Art 

Software packages are increasingly being written for Windows® formats 
so that a user may interact with the program through symbols on the 
25 computer screen via mouse clicks or arrow keys. Such programs are 

typically written in Visual C++ or Visual Basic programming language, and 
permit the programmer to call on generalized programming objects to display 
selectable data input fields. These programs are more user-friendly and 
afford greater flexibility because the user can choose to select from any one 
30 of a large number of program functions based upon displayed visual cues. 

Object oriented programming permits a programmer to call upon a 
particular functional subroutine in Windows® which is modular in design and 
operable across a large number of different hardware systems. One primary 

1 
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advantage of Windows'is that a great number of programming objects are 
included In the basic system. Examples of visual objects are the classes of 
buttons, list boxes, dialog boxes, toolbars, scroll bars, menu bars and title 
bars. Mouse functions are also enabled. A programmer working within a 
Windows* environment has access to all of these objects, adding considerable 
power to his programming abilities. 

Quality control has historically relied upon automated computer 
systems. The automated production line replaces the manual laborer and 
automated quality control eliminates the inspectors. One important 
consumer of quality control is the semiconductor industry. Microscopic 
defects in a semiconductor wafer have major implications on the cost and 
yield of a semiconductor production process. Because semiconductor 
technology is so sensitive to defects, isolating their precise source in the 
production process facilitates great advancement in the industry. 
1 5 Quality control software packages are currently available for the 

semiconductor industry, but the programs are generally written on a project- 
specific basis. These programs are written to include a large number of 
analytical utilities around a core system but these utilities are essentially 
fixed in number and the program is difficult to modify. Thus, these 
20 packages are expensive and lacking in flexibility. 

One method of measuring the number and location of defects in a 
semiconductor chip involves filtering or erasing the non-defect data from the 
production data to leave only the defect data. A map of actual production 
data either may be compared to a map of another set of actual production 
data, or to a map of an ideal set of production data stored in the computer 
memory. The defect data is then analyzed according to number, density, 
location, type and step in the production process, with the goal of correcting 
the production process itself. The defect data may give clues about how to 
increase the yield and decrease the cost of the product. 
30 A variety of prior art data analysis systems and methods have been 

disclosed for industrial process control of semiconductor manufacturing. 
Among these are U.S. Patent No. 5,226,1 18 to Baker et al This patent 
discloses a system for making charts. The charts are displayed as a gallery 
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of cells where each cell is a unit of a two dimensional array. Each cell in the 
chart may be defined as a mathematical function of one or more other cells 
in a manner similar to a spreadsheet program such as Microsoft Excel.® 
Other related patents are U.S. Patent Nos. 4,967,381; 4,951,190; 
5 4,873,623; 4843,538; 4,805,089; and 4,679,137. These patents disclose a 
complex multilevel set of data structures. While the control parameters can 
be changed to some extent by the engineer, the set of parameters is 
predefined by the software package. Moreover, not all parameters can be 
changed, and the extent to which a given operator may change them 
10 depends upon the operator's level of authorization. These systems are 

somewhat primitive because they do not recognize the flexibility afforded by 
object-oriented visual programming. 
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SUMMARY OF t he nWRlMTrnivr 
The present invention concerns a software system and method for 
extending cluster classifications for an analytical routine of production data. 
The user selects a new classification from a list box and adds the new 
classification to a table namespace of old classifications by dragging and 
dropping with a computer mouse. The new cluster classification is a 
namespace with attributes for executing the analytical routine of this cluster 
classification. 

The set of classifications in the table namespace is executable for 
graphically displaying analytical results in a Windows* environment. The 
particular classifications are clusters of defect data in a production map. 
Examples of features identified by these cluster classifications are scratches, 
particles, pinholes and blowouts. Execution of a particular cluster 
classification filters the production data so that only a map of the particular 
15 defect of the cluster classification remains. The attributes of the 

classification cluster may also retrieve an analytical routine across a local 
network or the Internet so that new cluster classifications may be added 
from other fabrication plants. 

Charts, such as Type Pareto or bar graphs, are produced by the 
analytical routines of the cluster classifications through their attributes to 
analyze data from production runs based upon production functions. The 
software permits the user to color code the defects in each cluster 
classification for easy identification. A user may move from one page of a 
filtered production map to another page, or place two pages side by side for 
comparison in order to look for patterns establishing where the production 
defects arise. Thus, the pattern of defects on a given map may be visualized 
more easily. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 illustrates a computer screen for specifying data analysis 
parameters; 

Figure 2A shows a bar chart histogram produced by the software; 

Figure 2B shows a calendar produced by the software; 

Figure 3 illustrates a display window where two or more bar charts are 
placed side by side for comparison; 

Figure 4A shows a zoom feature on the software package for viewing 
production data; 

Figure 4B shows a production map after filtering; 

Figure 5 shows the display window of a flowchart created by the 
software package; 

Figure 6A illustrates the overall system architecture; 

Figures 6B and 6C illustrate the interfaces of the middle layer 
architecture; 

Figure 7 illustrates the operation of the higher level software; 
Figure 8A a format for a namespace; 

Figure 8B shows a list of cluster classifications for analyzing defect 
data and a list box for adding cluster classifications; 

Figure 8C is a block diagram illustrating attributes acting across the 
Internet; and 

Figure 8D is a flowchart showing attributes acting across the Internet. 
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DETAILED DESCRIPTION OFTHR PREFERRED trMRnn^^ 

1- Chart Oeneratinn 

Figure 1 illustrates a computer screen 100 having one or more dialog 
boxes 101. 102, 103 for specifying data analysis parameters. Drop-down list 
boxes 101, 102 indicate which parameters are to be placed on the x- and y- 
axes of the bar chart. The parameters are selected with a computer mouse 
from a drop-down menu or similar type of dialog box 101, 102. The user 
clicks on any of the parameters in the menu of the dialog box 101 or 102 to 
select the data analysis parameters on the x- and y- axes. 

Preferably, the dialog box 101, 102 is a drop down list box with a 
vertical scroll bar. The user causes the list box 101, 102 to drop down by 
clicking on the arrow box 111, 112 beside the list box 101, 102. The user 
clicks on one of a collection of text strings representing production variables 
and production functions within a columnar list within the list box 
rectangle. When the desired text string is found within the list box 101. 102, 
the user clicks on this text string which causes it to appear in the selection 
line of the list box 101, 102. 

One feature of the present invention is the recording of the selected 
production variables and production functions in a macro feature. The 
computer thus remembers or learns the selection of variables and functions 
selected by the user, and has the capability of replaying the particular 
variables and functions for a new data set. The analytical system and 
method therefore differs from the prior art where new production parameters 
must be specified each time an analysis is to be performed, or where the 
user is restricted to choosing from only a specified set of preprogrammed 
analytical schemes. The macro feature stores the particular set commands 
relating to the production parameters that the user has previously selected 
from the dialog boxes and drop down list boxes 101. 102. 

Parameters applicable to monitoring production defects might include 
number on the y-axis and type on the x-axis. A Type Pareto Chart Is then 
created and displayed. For example, the number of defects in a 
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semiconductor assembly line is selected as the parameter on the y-axis. The 
x-axis parameter is selected from a list including defect size or dates of 
production. 

Figure 2A shows a Type Pareto Chart 200 of the number of defects by 
5 defect class. An appropriate title bar 210 may be found above the window, 
in this case reading "Type Pareto Chart." At the bottom of the screen are 
tabs 221, 222, 223, 224 indicating a number of pages that are immediately 
accessible to the user. In Figure 2A, the pages are labeled "1 Type Pareto/' 
"2 Size Histogram," "3 Wafermap," and "4 Wafermap Gallery." By clicking on 

10 these tabs at the bottom of the page, the user can move from page to page. 
Smaller boxes at the bottom of the window 200 give other information such 
as the total number of lots 230, total number of wafers 23 1 and total 
number of defects 232. A toolbar 240 at the top of window 200 has various 
buttons providing further selections, such as accessing other bar charts, the 

15 wafermap of Figure 4A, or the flow chart generating window of Figure 5A; 
toolbar 240 further provides buttons for changing the magnification of the 
bar charts, or for producing the calendar of Figure 2B. 

In order to produce the chart of Figure 2B, the software package for 
creating the bar charts 200 of Figure 2A includes a dialog box button 241 in 

20 the toolbar kit 240. Dialog box 250 appears including a string selection drop 
down list box 277 shown in Figure 2B. The user then selects the method of 
entering dates from the string selection box 277. When the user chooses 
that the dates are to be selected using calendar 270, a month and year for 
the calendar 270 are selected from additional drop down list boxes 272, 273. 

25 Alternatively, the customer may use the string selection box 277 to enter the 
production variables in another manner, such as from a list box of text 
string, e.g. "last ten days," "last ten lots," or input a range of dates from the 
keyboard in a blank field box. Figure 2B further shows that calendar display 
270 includes a plurality of push buttons 271 for each day of calendar 270. 

30 The user selects one or more push buttons 271 on the calendar 270 to 

indicate one or more days over which the production data is displayed in the 
bar chart format. It is also possible to select times within a given calendar 
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date by the hour and minute with dialog boxes 274, 275, or page through 
the calendar month by month with arrow keys 276. 

Referring now to Figure 3, the software package includes a toolbar kit 
function that lets the user place two or more bar charts 310, 320 side by 
side for comparison by splitting the window 300. For example, the user has 
the capability of comparing a bar chart 3 10 of the number of defects by layer . 
number for a first production lot relative to a similar bar chart 320 for a 
second production lot. The bar charts 310, 320 can be created as 
embedded packaged objects which can be dragged and dropped into another 
window, or the bar charts 310, 320 can be stored as files. The packaged 
object may be represented as an icon or other graphic image. The various 
pages are color coded for easier visibility. 

2. Accessing Production Map « 
1 5 Referring now to Figure 4A, the software package of the present 

invention includes a utility for accessing and displaying a production 
wafermap 410 in display window 400. The user zooms in or out on the 
production map by selecting a plus or minus zoom button bar 430. Each of 
the particular defects is color coded to facilitate visual identification in 
accordance with a defect number scale 440 to the right of map 410. Side- 
by-side with the wafermap, are shown Type Pareto and Size Histogram 
charts 450, 460 imported from windows 310 and 320 of Figure 3. 

The actual production map is compared to a production map in a 
wafermap gallery to filter out all patterns except for defects. The user drags 
25 and drops a packaged image of the production map 4 10 with the computer 
cursor into one of the maps in the wafermap gallery. The actual and ideal 
production maps in wafermap gallery represent the way a particular product 
would appear if the product has no defects. A map 480 of the product 
without defects is accessed by selecting the tab 470 at the bottom of window 
400 to page into wafermap gallery window. 

Figure 4B shows the production map 440 after it has been filtered by 
information in the wafermap gallery 470. Once the actual production map 
410 is subtracted from the ideal production map of the wafermap gallery 

8 
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470, only a map 460 of the defects remains. By combining the selection of 
production parameters with filtering from the wafermap gallery 470, the user 
identifies the defect pattern in a particular lot number or layer number. 

5 3. Creating Flowchart Recipes 

Referring to Figure 5, the invention further includes a program 
function for building a customized flowchart 510 according to a selected 
recipe of conditionals. A conditional in this context is defined as an event 
that occurs or does not occur depending upon another value. This value 

10 may be one of the production parameters from production data or a 
calculated result of some previous production function. A conditional 
produces one or more branches in a flowchart depending upon this value. 
The recipe of conditionals is a series of linked conditionals that is created by 
the user according to a desired data analysis and response scheme, 

15 The flowchart building program function operates in the manner of a 

"macro" in a computer by recording keystrokes in the casebook and playing 
back the keystrokes of the casebook upon command from the user. The 
"macro" type program function of the present invention remembers a series 
of production parameters specified by the user from the dialog boxes. 

20 The casebook macro is subsequently converted into flowchart 510 by 

the software and displayed. Each of the selected production parameters and 
production functions is assigned a geometrical element in the flowchart 
depending upon its function, e.g. box, circle, diamond. The geometrical 
elements of the flowchart correspond to their standard definitions in 

25 flowchart lexicography; a circle is an input-output function, a diamond is a 
branching conditional, and a box is a data calculation. As shown in Figure 
5, the user can also create the flow chart by dropping and dragging a node 
520 from a dialog box 530 and linking it to one of the previous nodes 540 in 
the flow chart 510. Whenever the user wishes to execute a particular 

30 analytical scheme on the production data, he selects a particular flowchart 
510 from the current page by pressing a particular button 550 on the toolbar 
560. The recipe represented by the flowchart may be readily modified by the 
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user by re-recording the conditional selections, redisplaying a new flowchart, 
and reexecuting the new flowchart more directly via the node dialog box 530. 

The user may wish, for example, to execute on a regular basis a 
flowchart 510 that produces the standard deviation of defects in the second 
layer of the product for the last ten days. This particular flowchart 510 has 
been previously created and recorded by the user. Each of the pages in the 
casebook has a corresponding graphical node symbol 541, 542, 543, 544, 
545 and 546 which is displayed in the window 500 upon selection. After 
this flowchart 510 is created, it is displayed in a linked fashion in the display 
window 500 as shown in Figure 5. The user then generates one or a series 
of bar charts as shown in Figure 2A, or performs other functions by selecting 
this particular flowchart 510 in the display window 500. 

An analytical subroutine represented by the flowchart may be 
automatically executed by the user on a regular basis. Generic groupings of 
1 5 production data such as "last ten days" or "last ten lots" are specified rather 
than dates certain. This analytical subroutine is then executed, say, every 
week or every two weeks, without operator intervention. Reports of one or 
more of these analytical schemes are then automatically generated at these 
times. The reports may be generated automatically either at the operator's 
20 computer, where they are stored in data files, or at a print station. The 

operator specifies the number of copies of these reports to generate, and the 
location that they are generated is selected via the network printer. 

A plurality of these reports are automatically published on a 
preestablished regular basis without taking up the operator's time on every 
25 occasion. Copies are routed to selected individuals responsible for 

overseeing production. Alternatively, instead of printing these reports on a 
network printer, they can be routed on a regular basis in an electronic 
format through a network server. The network can be either a local area 
network or an Internet location on the World Wide Web. Electronic 
publishing has the advantages of conserving paper and reducing costs. 

It is also possible to automatically utilize the results of the previous 
data analysis subroutine to conditionally change the scheme of the data 
analysis, and the subsequent publication of the reports. If a condition is 
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detected where the results of a particular analysis exceed a preset value, 
then other predetermined analyses are performed to more precisely identify 
the source of the defect. Effectively, a feedback loop is set up to maintain 
tight control between the inspection results and the analytical scheme. 
5 When the results of an analysis exceed predetermined control levels, a 

notification may be sent to the engineer through e-mail or pager systems to 
take a specified remedial action. A report might also be sent back to the 
production line to automatically initiate a process change, e.g. across the 
Internet to launch a Java applet. Thus, the analytical tool of the present 

10 invention is more than just a data gathering mechanism since process 
control can be implemented automatically via a feedback loop. 

One application of the analysis routine of the present invention is to 
determine when a defect is an "adder." i.e. a defect that is not present on any 
previous layer. These adder defects are subtracted from the defects that 

15 were present on the previous layers, and then classified by the Automatic 
Defect Control (ADC) program. 

4. System Architecture 

As shown in Figure 6A, the software system of the present invention 

20 utilizes a three-tier architecture. The highest tier 610 is the Presentation 
Layer, the object-oriented Windows'* environment consisting of the menus, 
buttons, dialog boxes, and charts that are visible to the user. The middle 
tier 620 is the CORBA (Common Object Request Architecture) HOP (Inter- 
Internet Object Protocol) Middleware Layer, which distributes objects across 

25 servers and the Internet. The lowest tier 630, the Storage Layer, is a 

database containing raw production data which is connected by the CORBA 
Layer to other servers and the Presentation Layer. 

Figure 6B shows how the CORBA Middleware Layer interfaces with the 
Storage Layer 630 and the Namespace Service 640 to modify of the cluster 
30 classifications. CORBA is a mechanism of distributing objects across 
microcomputers and operating systems. The CORBA Middleware Layer 
provides access to the Server for objects that can reside anywhere on the 
network so that new cluster classifications can be presented from the 
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Namespace Service 640 to the DataSet Sendee 650. One client in Ireland 
may. for example, discover a new method of clustering 660 or custom 
compilation 670 of the data in that location. This method may be relevant to 
the needs of a client in the United States. CORBA takes the Namespace 
5 Service 640 from the client in Ireland and applies it to the DataSet Service 
650 from the United States over the server without having to access the 
production database in the United States to perform the analysis. 

Figure 6C shows how CORBA interfaces via the server from the client's 
personal computer 651 to other work stations and the Database Server 652. 
1 0 The Application Server 653 stores and distributes all of the various 

calculation modules or objects. The Application Server 653 can be the same 
as the Database Server 652, it can be the Client workstation 651, or 
anyplace else on the network. The recipes are contained in the Application 
Server 653. and once the recipes are run, the results can be published at a 
15 printer 654. WEB Server 655 or client personal computer 656. 

Figure 7 shows a detail of the software architecture of the Presentation 
Layer, written in Visual C++ programming language. The Recipe Editor 710 
permits the user to create a Recipe Framework 720. The recipe is applied to 
the DataSet Framework 730 through the Application Modules 740. and with 
20 the Graphic User Interface (GUI) Framework 750. a Page 760 is produced in 
the Windows'format. The Recipe Framework 730 also interfaces with the 
Scheduler and Event Service 770. providing automatic execution and 
publication of production data analyses at future specified times. 

Once the analytical routines are performed, the results are displayed 
25 m a graphical representation such as a bar chart, graph or filtered 

production map. Each cluster classification is displayed in a color coded 
format for greater visibility. For example, a filtered production map is 
produced with scratches color coded in red, particles in blue, and pinholes 
in green. Or, bar charts are created and placed side by side on the computer 
30 screen for comparison, with one bar chart representing the standard 

deviation of scratches in lot one for the last ten days color coded in red, and 
a second bar chart representing the standard deviation of pinholes in lot one 
for the last ten days color coded in green. 

12 
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5. Extending Classifications 

Optical pattern recognition systems exist to permit a computer to 
classify certain types of defects. For example, a defect such as a scratch 
5 exhibits certain familial similarities to other scratches, i.e. the defect is long 
and thin. By abstracting the characteristic similarities of this class of 
defects, the computer recognizes and classifies based upon the abstracted 
characteristics. However, the various classes of defects that prior art pattern 
recognition systems can identify is typically fixed by the particular software 
10 program. It thus becomes desirable to be able to add new defect 
classifications when they become identifiable. 

Defects often are present in groups or clusters since the causative 
factor leading to the defect is repeated in a general area on the wafer. These 
defect groups are referred to as cluster classifications. The optical pattern 

15 recognition system, working with a neural network computer, is capable of 
identifying these cluster classifications in a production map. Each cluster 
classification represents a filter that makes visible only the defect of that 
cluster classification. A plurality of defect filters may be applied in sequence 
so that only the applied combination of defects are operated on by a 

20 particular data analytical routine. 

The present invention includes a software procedure for integrating 
and extending attributes of new cluster classifications into a namespace for 
an analysis routine. In this context, a namespace is similar to a filename 
but contains additional executable attributes that tell the operating system 

25 to perform predetermined operations because of the namespace extensions. 
An example of a namespace with attributes is a Word® file with a ".doc" 
extension. The ".doc" extension signals the operating system to do 
something when the user clicks directly on the filename, specifically to open 
the document in Word.® Otherwise, the user must first start the Word® word 

30 processing program, then click on the Open File list box on the title bar, 
then select the proper drive, and finally use the scroll bar to find and click 
on the correct file. The ".doc" extension is an attribute that tells the 
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computer to perform these tasks when the filename is selected, considerably 
simplifying the execution. The namespace is a collection of files represented 
by the filename including associated executable or other file types, these files 
running when the filename is selected. 

Figure 8A shows the essential format of the namespace datafile. 
Cluster classification 800 has a namespace 801 with a filename 802 and an 
attribute 803. Attribute 803 has a definition 804 consisting of a number of 
executable and other type files 805. In this instance, files 805 cause the 
operating system to look for other files 805 that retrieve procedures for 
executing an optical pattern recognition, filtering and display of data 
analysis in charts. 

In the present invention, the attributes of the cluster classification 
namespace include associated executable utilities for semiconductor defect 
analysis. Examples of attributes contained by this namespace include (1) 
the series of commands associated with executing the optical pattern 
recognition program performed by the neural network, (2) the series of 
commands associated with performing an analytical scheme on the data 
collected from production lots, layers, dates, etc., and (3) the series of 
commands associated with importing and running a data analytical scheme 
that is stored elsewhere on a network (e.g., via the Internet at a foreign 
subsidiary manufacturing plant or an intranet from another user's hard 
drive). 

Referring to Figure 8B, the extension is applied to cluster 
classifications of semiconductor defects. The program contains a table 
namespace 810 of defect cluster classifications 811. The attributes of this 
namespace 810 include one or more executable or other type files telling the 
computer what do to when the cluster classification namespace 8 1 1 is click- 
selected with the computer mouse. These cluster classes 811 include such 
semiconductor defects 812 as a scratch, particle, blowout, pinhole, etc., or 
the defects may be classified by size. When a scratch cluster classification 
namespace 812 is selected by the user with the cursor, the attributes of the 
scratch namespace 812 are executed to start the neural network pattern 
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identification procedure, to retrieve the data analysis parameters of the data 
analytical scheme, to execute this data analysis scheme, and to import any 
program or data files across a network as required. 

Figure 8B further illustrates a list box 820 for adding cluster 
5 classifications to the table namespace 810. The list box 820 is a drop down 
list box with a plurality of prospective cluster classifications 821. The user 
clicks on the drop down list box 820 with the computer cursor 822 to select 
one of these cluster classifications 821, and this classification 821 is added 
to the left column 81 1 of the table namespace 810. The new cluster 

10 classification 821 is preferably moved from the drop down list box 820 to the 
table namespace 810 by dragging and dropping the new cluster classification 
821 with cursor 822. The user thereby has a greater degree of flexibility to 
insert new attributes 803 into the namespace 810 than would be possible 
with a static software package. Upon execution of the cluster classification 

15 821, the user filters the production map so that only the scratch data 
remains. Analysis of the scratch data can then be readily performed. 

Figure 8C is a block diagram of the functional parts of the cluster 
class extending system of the present invention. Each of Clients A, B and C 
(831, 832, 833) are connected to a presentation layer (834,835, 836) for their 

20 respective computers. Clients A and B are in the United States, while Client 
C is in Ireland. Each of Clients A, B and C have a namespace 837 
containing a filename 838 and an attribute 839 in each of their relational 
databases 840, 841, with Clients A and B sharing a relational database 840 
containing definition 842 of the cluster classification filenames 838 and 

25 attributes 839. A middleware layer 843 connects Client C to Clients A and B 
over the Internet. Client C is Ireland has his own relational database 841 
containing namespace 837 and definition 842, but Client C also has 
namespace 844 with filename 845 and attribute 846 with definition 847. 
Client C has determined that namespace 844 is an especially good cluster 

30 classification for analysis of his semiconductor data, and Clients A and B in 
the United States wish to acquire it. Client C therewith sends namespace 
844 to Clients A and B. 
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Figure 8D is a flowchart showing the what happens after Clients A and 
B initiate a request for namespace 844 (step 850) and Client C sends the 
namespace 844 to Clients A and B (step 851). Client A then drags and drops 
the new cluster classification 821 representing namespace 844 into his table 
5 namespace 810 (step 852). Client A executes namespace 844 by selecting 
cluster classification 821 (step 853). Namespace 844 has an attribute 846. 
Execution of namespace 844 with attribute 846 causes Client A's computer 
to request transmission of namespace definition 847 across the Internet 
(step 854) via middleware layer 843. Client C's computer sends this 

10 definition 847, which resides in Client C's relational database 841 to Client A 
(step 855) via middleware layer 843. Thereupon, definition 847 is placed in 
relational database 840 shared by Clients A and B (step 856). Attribute 846 
also contains an extension that identifies the presence of the particular 
cluster classification 82 1 with an optical pattern recognition device and a 

15 neural network computer (step 857) and executes a particular filtering 

routine on the production data (step 858) to produce a data analysis chart 
(step 859). 

The invention has been described above according to a preferred 
embodiment, but those having ordinary skill in the art should recognize that 
20 changes, substitutions and variations can be readily made without departing 
from the spirit of the invention. Accordingly, the invention is only construed 
to be limited by the claims set forth below. 
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1. A method of analyzing semiconductor production data, comprising the 
steps of: 

5 establishing a table namespace of old semiconductor cluster 

classifications having first attributes; 

selecting a new semiconductor cluster classification having second 
attributes from a list box; 

adding said selected new classification to said table namespace; 
10 choosing said new classification from said table namespace; 

executing an analytical routine on data from said new classification 
with said second attributes. 



2. The method of claim 1, said executing step further comprises at least 
15 one of: 

importing a namespace containing said second attributes for said new 
classification; 

performing a pattern recognition function for said new classification; 

and 

20 generating a graphical representation of results of said analytical 

routine on said new classifications with said second attributes. 

3. The method of claim 2, said importing step further comprising: 
importing said namespace across the Internet or a local network. 

25 

4. The method of claim 1, further comprising: 

displaying a plurality of graphical representations of said old and new 
classifications side by side. 



30 5. The method of claim 1, wherein: 

said executing of said analytical routine includes generating 
information about cluster classifications of defects. 
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6. The method of claim 5, wherein: 

said generating of information about cluster classifications of defects 
includes generating information about scratches, particles, pinholes and 
blowouts. 

7. The method of claim 1, further comprising the step of: 
importing said new classification across a server. 

8. The method of claim 1, further comprising the step of: 
importing said new classification across the Internet. 

9. A system for analyzing semiconductor production data, comprising: 

a table namespace of old semiconductor cluster classifications having 
first attributes; 

a list box containing a plurality of new semiconductor cluster 
classifications having second attributes; 

an analytical routine for execution on data from either said old or new 
classifications with said first or second attributes. 

10. The system of claim 9, said analytical routine further comprises at 
least one of: 

an importation of a namespace having said second attributes for said 

new classification; 

a pattern recognition function for said new classification; and 

a graphical representation of results of said analytical routine on said 

old and new classifications. 

1 1. The system of claim 10, wherein: 

said namespace is imported over the Internet or a local network. 
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12. The system of claim 9, wherein: 

said analytical routine is one of a number, mean, or standard 
deviation of defects over a particular lot identification, layer number or time 
period. 

13. The system of claim 9 t further comprising: 

a plurality of graphical representations of said old and new 
classifications displayed side by side. 

14. The system of claim 9, wherein: 

said analytical routine generates information about cluster 
classifications of defects. 

15. The system of claim 14, wherein: 

said cluster classifications of defects include scratches, particles, 
pinholes and blowouts. 

16. A system for analyzing semiconductor production data, comprising: 
table namespace means for storing and displaying old semiconductor 

cluster classifications having first attributes; 

list box means for storing and displaying a plurality of new 
semiconductor cluster classifications having second attributes; 

analytical routine means for execution on data from either said old or 
new classifications with said first or second attributes. 

17. The system of claim 16, said analytical routine further comprises at 
least one of: 

means for importing a namespace having said second attributes for 
said new classification; 

means for performing pattern recognition for said new classification; 

and 
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means for graphically representing results of said analytical routine on 
said old and new classifications. 



18. The system of claim 17, wherein: 

means for importing said namespace over the Internet or a local 
network. 

19. The system of claim 16, wherein: 

said analytical routine means executes an operation of number, 
mean, or standard deviation of defects over a particular lot identification, 
layer number or time period. 

20. The system of claim 16, further comprising: 

means for displaying side by side a plurality of said old and new 
classifications. 

21. The system of claim 16, wherein: 

said analytical routine means generates information about cluster 
classifications of defects. 

22. The system of claim 20, wherein: 

said cluster classifications of defects include scratches, particles, 
pinholes and blowouts. 

23. The system of claim 16, further comprising: 

means for importing said new classification across a server. 

24. The system of claim 16, further comprising: 

means for importing said new classification across the Internet. 
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etc. into a qualitative category, assigning a numerical 
symbol to each attribute for identification, and sequenc- 
ing the symbols in a predetermined manner. The identi- 
fication sequences of all defects are stored in a 
database, where they are easily compared with other 
correspondingly identified defects. The identification 
sequence also includes a number representative of the 
wafer's last-visited processing tool, thereby associating 
the defect with a tool. After the defect is investigated and 
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tool, this information is stored and linked to the defect's 
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sequence is matched to that of the previous defect by 
searching the defect database, indicating the same 
cause for the later defect, thereby enabling ready identi- 
fication of the root causes of defects, and enabling early 
corrective action to be taken. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method 
and apparatus for identifying the causes of inspected 
defects in a manufactured article. The invention has 
paracular applicability for in-line inspection of semicon- 
ductor wafers during manufacture of high-density semi- 
conductor devices with submicron design features. 

BACKGROUND ART 



[0002] Current demands for high density and per- 
formance associated with ultra large scale integration 
call for submicron features, increased transistor and cir- 
cuit speeds and improved reliability. Such demands 
require formation of device features with high precision 
and uniformity, which in turn necessitates careful proc- 
ess monitoring, including frequent and detailed inspec- 
tions of the devices while they are still in the form of 
semiconductor wafers. 

[0003] Conventional wafer fabrication process con- 
trol techniques employ wafer identification schemes 
such as bar code labels, for in-process wafer tracking' 
After the completion of each process step (e g oxide 
growth, etch, clean, sputter, etc.), information related to 
the wafer lot and the "last visited tool"; i.e., the particular 
oven, etcher, cleaner, polishing machine, etc. used in 
processing the lot, is entered into a computer software- 
implemented database system known as a "manufac- 
turing execution system" (MES). Such information 
includes wafer identification information, parameters 
related to the wafers, and process parameters used at 
the last visited tool. Thus, the MES tracks the completed 
process steps, the tools at which the process steps 
were performed, and the wafers on which the process 
steps were performed. 

[0004] After the completion of a series of process 
steps, and/or after the completion of a critical process 
step, such as formation of a complex photoresist mask 
a number of wafers in a lot are inspected, typically at a 
stand-alone inspection tool, per instructions from the 
MES. At the inspection tool, the surface of the wafer to 
be inspected is typically scanned by a high-speed 
inspection device; for example, an opto-electric con- 
verter such as a CCD (charge-coupled device), a scan- 
ning electron microscope (SEM) or a laser. Typically, the 
inspection tool informs the MES when it has completed 
its inspection. Statistical methods are thereafter 
employed by the inspection tool to produce a defect 
map showing suspected locations on the wafer having a 
high probability of a defect If the number and/or density 
of the potential defects reach a predetermined level an 
alarm is sounded, indicating that a more detailed look at 
the potential defect sites is warranted. 
[0005] A review of the potential defect sites is then 
conducted using the defect map, either at the inspection 



tool or at a separate stand-alone review station, typically 
by comparing images of suspected defect sites with ref- 
erence images to positively determine the presence of a 
defect, and then analyzing the images to determine the 
5 nature of the defect (e.g., a defective pattern, a particle 
or a scratch). Common wafer inspection techniques 
used by wafer fabricators include light scattering tech- 
niques, optical techniques, SEM's and energy disper- 
sive spectroscopy (EDS). Other well-known wafer 
w inspection methods are also commonly employed 
including atomic force microscopy (AFM), raman' 
ultrapoint, transmission electron microscopy (TEM)' 
metapulse, photoluminescence and electron spectros- 
copy for chemical analysis (ESCA). Each of the forego- 
rs mg methods furnishes different information relating to 
the defect; for example, AFM can reveal its size and 
shape, while EDS and ESCA can reveal its chemical 
composition. 

[0006] In current "state of the art" wafer processing 
20 facilities, process data from the MES, and inspection 
and review results from the inspection tools and review 
stations are periodically downloaded to another stand- 
alone computer software-implemented system called a 
"yield management system" (YMS), which employs sta- 
25 tistical process control methods to monitor process 
quality. If the YMS determines that the process is per- 
forming outside predetermined control limits, it gener- 
ates data, such as a list of tools visited by wafers 
exhibiting defects and the process parameters used at 
30 those tools, which are helpful in diagnosing processing 
problems. The user may then analyze this data in an 
attempt to isolate the causes of the defects. 
[0007] Disadvantageous!* defects are not 
described in a standard way across the industry (i e 
35 defect descriptions differ between fabrication facilities 
within one device fabrication company, from one device 
fabricator to another, and between fabricators and 
equipment suppliers), thereby hindering attempts at 
defect identification and causal diagnoses. For exam- 
40 pie, one class of defects are called "fried egg" defects in 
Japan, but are called "space ship" defects by some fab- 
ricators in the United States. Thus, translation and 
exchange of information between fabricators and equip- 
ment suppliers of different cultures is made more diffi- 

45 CUlt. 

[0008] Moreover, even when defects are identified 
they cannot be quickly or easily linked to a root cause' 
For example, although the YMS can identify the tools 
and process parameters of a process performing out- 
50 side its control limits, the YMS cannot identify the most 
likely tool or process parameter at fault when a particu- 
lar defect is detected. Still further, even if a particular 
tool is identified as the source of a defect, the YMS can- 
not link the defect with a particular fault in the tool a 
55 material failure (i.e., a part failure) or a particular proc- 
ess condition. 

[0009] There exists a need for a methodology for in- 
process inspection of semiconductor wafers that identi- 
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ties defects in a standardized way. There further exists 
a need for an inspection methodology that relates the 
tools visited by the wafers and reliability information of 
those tools to detected defects in order to readily iden- 
tify the root causes of defects, thereby enabling early 5 
corrective action to be taken. This need is becoming 
more critical as the density of surface features, die 
sizes, and number of layers in devices increase, requir- 
ing the number of defects to be drastically reduced to 
attain an acceptable manufacturing yield. 10 

SUMMARY OF THE INVENTION 

[0010] An advantage of the present invention is the 
ability to identify defects in a manufactured article, such 75 
as a semiconductor wafer, in a standardized qualitative 
manner, thereby allowing information relating to the 
defect to be easily linked to the defect, stored and 
searched. A further advantage of the present invention 
is the ability to include, in the identification of a defect, 20 
information relating to its cause, thereby enabling effi- 
cient identification of process problem areas, and the 
relation of defect causes to corrective action. 
[001 1 ] According to the present invention, the fore- 
going and other advantages are achieved in part by a 25 
method of classifying a feature of an article, which 
method comprises determining attributes of the feature; 
generalizing the attributes by associating each attribute 
with one or more categories, each category being a 
subset of one of a plurality of database objects associ- 30 
ated with the attributes; assigning each category a sym- 
bol; arranging the symbols of the categories in a 
predetermined sequence to form an identifier for the 
feature; and storing the identifier in a database. 
[0012] Another aspect of the present invention is a 35 
computer-readable medium bearing instructions for 
executing the above steps of the present methodology. 
[0013] Additional advantages of the present inven- 
tion will become readily apparent to those skilled in this 
art from the following detailed description, wherein only 40 
the preferred embodiment of the present invention is 
shown and described, simply by way of illustration of the 
best mode contemplated for carrying out the present 
invention. As will be realized, the present invention is 
capable of other and different embodiments, and its 45 
several details are capable of modifications in various 
obvious respects, all without departing from the present 
invention. Accordingly, the drawings and description are 
to be regarded as illustrative in nature, and not as 
restrictive. 50 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 4] Reference is made to the attached drawings, 
wherein elements having the same reference numeral 55 
designations represent like elements throughout, and 
wherein: 



Figure 1 schematically illustrates an apparatus 
used to implement the present invention. 
Figure 2 is a flow chart illustrating sequential steps 
in a method according to an embodiment of the 
present invention. 

Figure 3 is a conceptual flow chart illustrating the 
methodology of the present invention. 
Figure 4A illustrates a database object and its sub- 
sets according to an embodiment of the present 
invention 

Figure 4B illustrates the formation of a defect iden- 
tifier according to the present invention. 
Figure 5 A illustrates a conventional defect map pro- 
duced by an inspection tool. 
Figure 5B illustrates the division of the surface of a 
semiconductor wafer according to an embodiment 
of the present invention. 

Figure 6 is a flow chart illustrating sequential steps 
in a method according to another embodiment of 
the present invention. 

Figures 7A-7D schematically illustrate defect analy- 
sis according to embodiments of the present inven- 
tion. 

Figure 8 illustrates the displayed results of a defect 
analysis according to the methodology of the 
present invention. 

Figure 9 is a block diagram that illustrates an 
embodiment of the present invention. 

DESCRIPTION OF THE INVENTION 

[0015] While conventional methodologies for in- 
process inspection of manufactured articles, such as 
semiconductor wafers, identify defects, they do not 
identify the defects in a standardized, qualitative way, or 
provide information relating to the tools visited by the 
wafer that would lead to early positive identification of 
the defect sources. The present invention addresses 
these problems by qualitatively identifying defects with a 
string of symbols, such as numbers, according to rele- 
vant defect characteristics and information relating to 
the last-visited tool, including reliability information, 
thereby enabling ready identification of the root causes 
of defects, and enabling early corrective action to be 
taken. 

[0016] According to certain embodiments of the 
present invention, after a defect on a wafer is discovered 
and inspected, as by optical review, SEM, EDS, AFM, 
etc., each quantitative attribute of the defect such as the 
defect's size, material composition, color, position on 
the surface of the wafer, etc. is generalized into a quali- 
tative category and assigned a numerical symbol for 
identification. For example, a substantially round, 
approximately one-micron diameter particle composed 
of 79% aluminum is identified by a sequence of num- 
bers in a predetermined order comprising a number 
representative of "aluminum" (the defect material), 
another number representative of "round" (the defect 
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shape), and another number representative of a defect 
see range such as -a diameter less than two microns" 
Thus, every defect is identified by a mathematical 
description rather than by a visual pattern or verbal 
description. The identification sequences of all defects s 
are stored in a database, where they are easily com- 
pared with other correspondingly identified defects. 
[001 7] Furthermore, in an embodiment of the 
present invention the identification sequence advanta- 
geously includes a number representative of the wafer's to 
last-visited processing tool prior to inspection, thereby 
associating the defect with a tool. The defect is investi- 
gated and determined as being caused by a particular 
fault of the tool (e.g., the failure of a particular mechani- 
cal component or a particular processing phenome- is 
non), and this information is stored and linked to the 
defect's identification sequence. Thereafter, if a similar 
defect occurs in another wafer, the later defect's identifi- 
cation sequence is matched to that of the previous 
defect by searching the defect database, indicating the m 
same cause for the later defect, thereby facilitating 
investigation of the cause of the later defect. 
[0018] Moreover, as the database expands with 
information relating to many defects and their causes 
once a particular type of defect linked to a particular 2s 
type of tool is identified, it is related to the cases of sim- 
ilar defects that have previously been investigated dra- 
matically decreasing the time and effort needed to trace 
the causes of defects. For example, if a round aluminum 
particle less than 2 microns in diameter is discovered so 
after chemical vapor deposition (CVD) processing, and 
9 out of 1 0 such defects in the database were caused in 
the past by arcing in the CVD chamber, it is very likely 
that arcing caused the latest defect In this way, the 
present invention facilitates determination of the causes ss 
of defects and enables early corrective action to be 
taken; e.g., to distinguish between a catastrophic 
mechanical failure and one associated with a consuma- 
ble or preventive maintenance item. 
[0019] Still further, the present invention provides to 
the statistical occurrence and probability of various root 
causes. For example, given a defect identification, the 
present invention can indicate that there is a 25% likeli- 1 
hood that the defect is caused by part XYZ, and a 75% 
likil.hood that it is caused by process ABC. Additionally, 4s 
once a root cause is selected, the present invention can 
furnish the probability of a given solution (e.g.. Solution 

1 has a 30% probability of solving the problem, Solution 

2 has a 10% probability of solving the problem, while 
Solution 3 has a 60% probability of solving the prob- so 
lem). 

[0020] An embodiment of the present invention is 
illustrated in Figs. 1-4B. As shown in Rg. 1, the present 
invention is implemented at a processor 100, which 
preferably performs the analysis disclosed herein elec- 55 
ironically, and input/output devices such a monitor 110 
for displaying results of the analyses of processor 100 
and a keyboard 120. Processor 100 is in communication 



with a conventional MES 130, a conventional YMS 140, 
and various conventional inspection tools 150. Inspec- 
tion tools 150 can include an optical inspection tool, an 
SEM, as well as tools which perform EDS, AFM ESCA 
etc. as required by the user. A storage device 160, such 
as a server, stores the results of the calculations of 
processor 100, and is referred to as a "Defect Refer- 
ence System" (DRS). 

[0021] Referring now to Figs. 1 and 2, a semicon- 
ductor wafer is processed at a processing tool or series 
of tools at step 205 (Fig. 2). Typically, for each tool a tool 
identifier unique to the processing tool is stored in MES 
130 (Fig. 1) along with a set of process parameters 
used at the tool. When it is determined (either manually 
by the user or automatically by MES 1 30) that no further 
processing steps are to be performed before inspection 
the wafer is brought to inspection tools 1 50. At step 21 0' 
the wafer is inspected at inspection tools 150 as desired 
by the user to discover defects and determine "defect 
attributes"; that is, characteristics of the defects For 
example, a conventional defect map is produced by an 
optical inspection tool, such as the WF-736 available 
from Applied Materials of Santa Clara, CA, using statis- 
tical methods, typically involving algorithms and/or grey- 
scale analysis, to identify suspected locations on the 
inspected wafer having a high probability of having a 
defect. Then, redetection, analysis and classification of 
the defects are carried out on a review tool such as the 
SEM Vision™ available from Applied Materials of Santa 
Clara, CA, using conventional pattern recognition tech- 
niques or using an automated technique as described in 
copending U.S. patent application Serial No 
09/1 1 1 ,454 (Attorney Docket No. 49959-013), filed July 
8, 1998, entitled "Automatic Defect Classification With 
Invariant Core Classes", the entire disclosure of which 
is hereby incorporated by reference. 
[0022] Inspection of the wafer at step 21 0 results in 
a "table" or list of defect attributes describing the 
defects, shown as A-K in the conceptual flow chart of 
Rg. 3. Each different wafer inspection tool 150 yields 
several defect attributes A-K. For example, defect 
attributes C-E of a particle-type defect obtained by SEM 
analysis include, for example, its position on the wafer 
axial dimensions, shape, and whether it is embedded in 
the wafer or resting on the surface of the wafer while 
EDS reveals the defect's chemical composition (i e 
attributes F and G). Furthermore, defect attributes A-K 
typically include data (i.e., attributes H-J) from the 
defect map produced at wafer inspection, such as the 
number of defects and the position of each defect on the 
wafer. 

[0023] After the defect attributes have been deter- 
mined, the attributes are "generalized" by expressing 
them qualitatively, rather than quantitatively. At step 
215, each attribute is associated with at least one cate- 
gory that is a predetermined subset of a "database 
object" 410 (see Rgs. 3 and 4A). Database objects 410 
include broad characterizations such as "particle" 
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"size", "composition", "color", "position on the wafer", 
etc., while the categories or subsets 420 of the data- 
base objects 410 allow the defect attributes to be further 
classified and identified as having one or more of a lim- 
ited number of specific characteristics determined to be 5 
significant by the user. In this way, defect information is 
standardized and simplified to facilitate subsequent 
searching of the data. 

[0024] For example, a particle defect is placed in a 
category 420 called "particle on a pattern" or "particle 10 
embedded in a pattern" within a database object 410 
called "particle". A particle having dimensions (i.e., 
attributes) of one micron wide and four microns long is 
categorized, for example, as an oval with a 4:1 axis ratio 
within the "shape" database object 41 0, while a spheri- is 
cal particle is categorized as a 1 :1 axis ratio within this 
database object. Further, as shown in Fig. 4A, a spher- 
ical particle with a diameter of 1 .5 micron is, for exam- 
ple, categorized as spherical with a diameter between 
one and two microns (see "x"). If it had a diameter of 2.3 20 
microns, it would be categorized as spherical with a 
diameter between 2 and 3 microns. In the same way, a 
particle comprising stainless steel is categorized, for 
example, as comprising iron (Fe), chromium (Cr), nickel 
(Ni) and carbon (C), thereby generalizing from a metal 25 
alloy to its elements (FE, Cr, Ni, C). Alternatively, if more 
detail is desired by the user, a particle comprising stain- 
less steel is categorized as comprising iron in a "pri- 
mary composition" database object, and chromium, 
nickel and carbon in separate "secondary composition" 30 
database objects. 

[0025] In other embodiments of the present inven- 
tion, attributes of a plurality of defects are generalized 
into a subset category of a "pattern" database object 
41 0 from a conventional defect map. Each defect site 35 
location from a conventional defect map is treated as an 
x and y coordinate attribute. The defect sites are tallied 
by their coordinates to populate predefined "sectors" 
which define discrete areas on the wafer. Patterns are 
defined from the sector population, thereby describing 40 
the population mathematically The methodology of this 
embodiment of the present invention facilitates fast and 
accurate pattern determination and requires no user 
judgement. 

[0026] Referring to Figs. 5A and 5B and the flow 45 
chart of Fig. 6, a wafer is inspected in a conventional 
manner, typically at an optical inspection tool, to pro- 
duce a defect map M having suspected defect sites D at 
step 600. At step 905, the wafer surface is divided into 
sectors, such as sectors 1-9 in Fig. 5B, which corre- so 
spond to expected significant defect areas. At step 610, 
each defect site D is associated with one of the sectors 
1-9, and a count of the number of defect sites in each 
sector is determined at step 615. Next, the number of 
defect sites in each sector 1 -9 is compared to a prede- 55 
termined threshold number (see step 620) or standard 
deviation. Then, at step 625, the defect map is treated 
as a defect attribute and is generalized into a subset 



category of a pattern database object based on the sec- 
tors 1-9 that have greater than the threshold number of 
defect sites. 

[0027] For example, a pattern database object hav- 
ing 9 factorial (9!) subset categories based on sectors 1 - 
9 of Fig. 5B is created. If the predetermined threshold 
number of defects sites for each sector is 25, then the 
defect map M of Fig. 5A is generalized as being in the 
category reflecting that sectors 2 and 6 contain many 
defect sites. 

[0028] In another embodiment of the present inven- 
tion wherein defect sites D of a defect map M are asso- 
ciated with predetermined sectors, such as sectors 1 -9 
of a wafer surface, a pattern database object has prede- 
termined shape category subsets corresponding to 
expected significant defect site distributions. Referring 
now to Fig. 7A, when a significant number of defect sites 
are found in sector 9, the defect map is placed in a 
"defects at center" pattern category. In the defect map of 
Fig. 7B, defect sites are concentrated in sectors 1-4, so 
this defect map is placed in a "doughnut" shape pattern 
category. The doughnut shape pattern is significant 
because it may indicate problems with a tool, such as a 
vacuum chuck, visited by the wafer. Rg. 7C illustrates 
defect sites concentrated in sectors 5-8, as may be 
caused by a clamp ring, so this defect map is placed in 
a "ring" or "outer edge" shape pattern category. 
[0029] Alternatively, conventional spatial signature 
analysis (SSA) can be used to analyze a pattern of 
defect sites, typically employing information from YMS 
140. The results of SSA are then treated as another 
defect attribute and generalized into an appropriate 
subset category or categories of a pattern database 
object. 

[0030] In still another embodiment of the present 
invention, as illustrated in Fig. 7D, when defect sites D 
of a defect map M form a random pattern, a pattern 
database object having predetermined fractal number 
subsets is used. In this embodiment, the pattern of 
defect sites is expressed mathematically using a con- 
ventional fractal software program, such as is available 
from the National Bureau of Standards. Typically, in 
fractal techniques, shapes of small dimensions, such as 
small hexagons 700, are used to fill the space within a 
pattern, such as within a random pattern of defect sites 
D. The number of hexagons 700 needed to fill the space 
is the pattern's "fractal number". Thus, a random pattern 
of defect sites is generalized by placing it into a cate- 
gory corresponding to its fractal number. 
[0031] When each defect attribute A-K is associ- 
ated with a category 420 of a database object 41 0 at 
step 215, each category of each database object is pre- 
assigned a symbol, preferably an integer or integers. 
This is illustrated in Rg. 4A, wherein a numerical symbol 
430 is associated with each category 420 of a database 
object 410. The "x" represents a defect attribute that 
has been categorized. At step 220, after all the 
attributes of a defect are categorized, the defect is 
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assigned an identifier formed by arranging, in a prede- 
termined sequence, the symbols 430 of the categories 
420 into which the defect's attributes have been placed 
(see Fig. 4B). Preferably, the processing tool visited by 
the wafer prior to inspection is also assigned an identi- 
fying symbol 440, which is also included in the defect 
identifier 450 in a predetermined position in the 
sequence. As shown in Fig. 4B, database objects 410 
are arranged in a predetermined sequence, and cate- 
gory symbols 430 of the attributes of a defect are strung 
together to form a defect identifier 450 (i.e., 12515...35). 
[0032] Next, at step 225, defect identifier 450 is 
stored in DRS 160. At this point, the cause of the defect 
is investigated and determined using known techniques 
(see step 230), and pertinent causal information (e g a 
specific mechanical failure in the last-visited tool) 
stored, as in DRS 160, linked to defect identifier 450 at 
step 235. In a further embodiment of the present inven- 
tion, process parameters stored in MES 130 and data 
from YMS 140 are also linked to defect identifier 450 As 
a result, an extensive amount of defect information is 
available to the user based on defect identifier 450 
After steps 205-235 have been repeated for a plurality 
of defects, thereby building a defect identifier database 
in DRS 160, the determination of defect causation is 
facilitated by searching DRS 160 based on all or part of . 
a defect identifier 450 of a subsequently detected defect 
processed using the present methodology. 
[0033] An example of the information yielded by 
such a search is illustrated in Fig. 8, and is displayed 
such as at monitor 1 10, for the benefit of the user The 
user requests a search based on all or part of a defect 
identifier; for example, the user requests to view data 
relating to particles containing fluorine, or linked to a 
particular tool. At panel 810, information relating to the 
defect origin is presented, such as the symptom of the 
problem, the tools involved ("Platform" and "Cham- 
ber/Process"), and the maintenance history of the tool 
This information is gathered, for example, from MES 
130 and YMS 140. At panels 820-840, defect attributes 
as from inspection tools 150, are presented as desired 
by the user. Panel 850 presents causal information 
gathered from prior investigation. Panels 860 and 870 
illustrate information linked to causal information 850 
such as recommended corrective action and tool repair 
information. Panel 880 shows similar cases and their 
causes, and the resulting confidence level in the diaqno- 
sis of panel 850. 

[0034] Figure 9 is a block diagram that illustrates an 
embodiment of the invention shown in Fig. 1. According 
to this embodiment, processor 100, as shown in Fig 1 
includes a bus 902 or other communication mechanism" 
for communicating information, and a central process- 
ing unit (CPU) 904 coupled with bus 902 for processing 
information. Processor 100 also includes a main mem- 
ory 906, such as a random access memory (RAM) or 
other dynamic storage device, coupled to bus 902 for 
stonng information and instructions to be executed by 



CPU 904. Main memory 906 also may be used for stor- 
ing temporary variables or other intermediate informa- 
tion dunng execution of instructions to be executed by 
CPU 904. Processor 100 further includes a read only 
5 memory (ROM) 908 or other static storage device cou- 
pled to bus 902 forstoring static information and instruc- 
tions for CPU 904. A storage device 910, such as a 
magnetic disk or optical disk, is provided and coupled to 
bus 902 for storing information and instructions For 
io example, storage device 910 may include DRS 160 of 
Fig. 1. 

[0035] Processor 1 00 is coupled, as via bus 902 to 
monrtor 110 (Fig. 1), such as a cathode ray tube (CRT) 
for displaying information to the user. An input device' 
« such as keyboard 120. including alphanumeric and 
other keys, is coupled to bus 902 for communicating 
information and command selections to CPU 904 
Another type of user input device is cursor control 916 
such as a mouse, a trackball, or cursor direction keys for 
20 communicating direction information and command 
selections to CPU 904 and for controlling cursor move- 
ment on monitor 110. 

[0036] MES 130, YMS 140 and inspection tools 150 
(Fig. 1) input data relating to a semiconductor wafer 
25 under inspection, as discussed above, to bus 902 Such 
data may be stored in main memory 906 and/or storaqe 
device 910, and used by CPU 904 as it executes 
instructions. 

[0037] The invention is related to the use of proces- 
30 sor 1 00 for analysis of defects on the surface of a semi- 
conductor wafer. According to an embodiment of the 
invention, defect analysis is provided by processor 100 
in response to CPU 904 executing one or more 
sequences of one or more instructions contained in 
35 ma.n memory 906. Such instructions may be read into 
mam memory 906 from another computer-readable 
medium, such as storage device 910. Execution of the 
sequences of instructions contained in main memory 
906 causes CPU 904 to perform the process steps 
40 described above. One or more processors in a multi- 
processing arrangement may also be employed to exe- 
cute the sequences of instructions contained in main 
memory 906. In alternative embodiments, hara-wired 
circuitry may be used in place of or in combination with 
45 software instructions to implement the invention. Thus 
embodiments of the invention are not limited to any spe- 
cific combination of hardware circuitry and software 
The programming of the apparatus is readily accom- 
plished by one of ordinary skill in the art provided with 
» the flow charts of Fig. 2 and Fig. 6. 

[0038] The term "computer-readable medium" as 
used herein refers to any medium that participates in 
providing instructions to CPU 904 for execution Such a 
medium may take many forms, including but not limited 
55 to, non-volatile media, volatile media, and transmission 
media. Non-volatile media include, for example, optical 
or magnetic disks, such as storage device 910 Volatile 
media include dynamic memory, such as main memory 



6 



11 



EP 1 069 609 A2 



12 



906. Transmission media include coaxial cable, copper 
wire and fiber optics, including the wires that comprise 
bus 902. Transmission media can also take the form of 
acoustic or light waves, such as those generated during 
radio frequency (RF) and infrared (IR) data communica- 5 
tions. Common forms of computer- readable media 
include, for example, a floppy disk, a flexible disk, hard 
disk, magnetic tape, any other magnetic medium, a CD- 
ROM, DVD, any other optical medium, punch cards, 
paper tape, any other physical medium with patterns of 10 
holes, a RAM, a PROM, and EPROM, a FLASH- 
EPROM, any other memory chip or cartridge, or any 
other medium from which a computer can read. 
[0039] Various forms of computer-readable media 
may be involved in carrying out one or more sequences 15 
of one or more instructions to CPU 904 for execution. 
For example, the instructions may initially be borne on a 
magnetic disk of a remote computer. The remote com- 
puter can load the instructions into its dynamic memory 
and send the instructions over a telephone line using a 20 
modem. A modem local to processor 100 can receive 
the data on the telephone line and use an infrared trans- 
mitter to convert the data to an infrared signal. An infra- 
red detector coupled to bus 902 can receive the data 
carried in the infrared signal and place the data on bus 25 
902. Bus 902 carries the data to main memory 906, 
from which CPU 904 retrieves and executes the instruc- 
tions. The instructions received by main memory 906 
may optionally be stored on storage device 910 either 
before or after execution by CPU 904. 30 
[0040] The inventive methodology provides for in- 
process inspection of semiconductor wafers that quickly 
identifies defects in a standardized way using informa- 
tion gathered by conventional inspection techniques. 
Furthermore, the present invention relates the process 35 
tools visited by the wafers and reliability information of 
those tools to detected defects in order to readily iden- 
tify the root causes of defects, thereby enabling early 
corrective action to be taken. Thus, the present inven- 
tion contributes to the maintenance of high production 40 
throughput and increases manufacturing yield as 
design rules shrink. The present invention is applicable 
to the inspection of any semiconductor wafer, and is 
especially useful for in-process inspection of semicon- 
ductor wafers during manufacture of high density semi- 45 
conductor devices with submicron design features. 
[0041] The present invention can be practiced by 
employing conventional materials, methodology and 
equipment. Accordingly, the details of such materials, 
equipment and methodology are not set forth herein in 50 
detail. In the previous descriptions, numerous specific 
details are set forth, such as specific materials, struc- 
tures, chemicals, processes, etc., in order to provide a 
thorough understanding of the present invention. How- 
ever, it should be recognized that the present invention 55 
can be practiced without resorting to the details specifi- 
cally set forth. In other instances, well known process- 
ing structures have not been described in detail, in order 



not to unnecessarily obscure the present invention. 
[0042] Only the preferred embodiment of the 
present invention and but a few examples of its versatil- 
ity are shown and described in the present disclosure. It 
is to be understood that the present invention is capable 
of use in various other combinations and environments 
and is capable of changes or modifications within the 
scope of the inventive concept as expressed herein. 

Claims 

1. A method of classifying a feature of an article, 
which method comprises: 

(a) determining attributes of the feature; 

(b) generalizing the attributes by associating 
each attribute with one or more categories, 
each category being a subset of one of a plu- 
rality of database objects associated with the 
attributes; 

(c) assigning each category a symbol; 

(d) arranging the symbols of the categories in a 
predetermined sequence to form an identifier 
for the feature; and 

(e) storing the identifier in a database. 

2. The method according to claim 1, comprising 
inspecting the article using an inspection tool to 
determine the attributes. 

3. The method of claim 2, comprising: 

performing a processing step on the article 
using a processing tool prior to inspecting the 
article; 

assigning the processing tool one of the sym- 
bols as an identifier for the processing tool; and 
including the processing tool symbol in the 
sequence. 

4. The method of claim 3, wherein the processing step 
is performed using a set of process parameters, the 
method comprising: 

storing the process parameters; and 
linking the process parameters and the identi- 
fier. 

5. The method according to any preceding claim, 
wherein the feature comprises a plurality of defects 
on a surface of the article, the method comprising 
generalizing the plurality of defects as a pattern 
database object having a predetermined shape cat- 
egory subset. 

6. The method according to any of claims 1 to 4, 
wherein the feature comprises a plurality of defects 
on a surface of the article, the method comprising 
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generalizing the plurality of defects as a pattern 
database object having a predetermined location 
on the surface of the article category subset 

7. The method according to claim 2, wherein the arti- 5 
cle is a semiconductor substrate and the feature 
comprises a plurality of defects on a surface of the 
semiconductor substrate, the method comprising 
inspecting the article using at least one of an optical 
inspection station, a wafer inspection station, a 10 
scanning electron microscope (SEM), an atomic 
force microscope (AFM), energy dispersive spec- 
troscopy (EDS), or electron spectroscopy for chem- 
ical analysis (ESCA). 

15 

8. The method according to any preceding claim, 
wherein the article is a semiconductor substrate 
and the feature comprises a plurality of defects on a 
surface of the semiconductor substrate, the method 
comprising: ^ 

inspecting the article to produce a defect map 
of a plurality of defects, such that the attributes 
of each defect comprise a set of coordinates 
corresponding to its location on a surface of the 25 
substrate; 

dividing the substrate into sectors; 
associating each defect with one of the sectors 
based on its coordinates; 

counting the defects in each sector; 30 
comparing the number of defects in each sec- 
tor to a predetermined threshold number; and 
associating the defects in a first one of the sec- 
tors with a category of a pattern database 
object that includes the first sector, when the as 
number of defects in the first sector is greater 
than or equal to the predetermined threshold 
number. 

h The method according to claim 1 , wherein the fea- 40 
ture comprises a plurality of defects, the method 
comprising generalizing the plurality of defects as a 
pattern database object having a predetermined 
fractal number subset. 



10. The method according to any preceding claim, 
wherein the symbols are integers. 

11. The method according to claim 3, wherein the fea- 
ture comprises a defect in the article, the method 
comprising: 

determining a cause of the defect, the cause 
being related to the processing tool; and 
linking the cause and the identifier. 

12. The method of any preceding claim, comprising: 



repeating steps (a)-(e) for a plurality of fea- 
tures; and 

searching for corresponding identifiers based 
on one or more corresponding symbols of the 
identifiers in the database. 

13. A computer program for directly classifying a fea- 
ture of an article, said program being directly loada- 
ble into the internal memory of a digital computer 
and comprising software code portions for perform- 
ing the steps of claim 1 when said program is run on 
a computer. 

14. A computer-readable medium bearing instructions 
for classifying a feature of an article, said instruc- 
tions, when executed, being arranged to cause one 
or more processors to perform the steps of: 

(a) receiving attributes of the feature; 

(b) generalizing the attributes by associating 
each attribute with one or more categories, 
each category being a subset of one of a plu- 
rality of database objects associated with the 
attributes; 

(c) assigning each category a symbol; 

(d) arranging the symbols of the categories in a 
predetermined sequence to form an identifier 
for the feature; and 

(e) storing the identifier in a database. 

15. The computer-readable medium according to claim 

14, wherein the article is inspected using an inspec- 
tion tool, wherein the instructions, when executed, 
are arranged to cause the one or more processors 
to perform the step of receiving the feature 
attributes from the inspection tool. 

16. The computer-readable medium according to claim 

15, wherein a processing step is performed on the 
article using a processing tool prior to inspecting 
the article, wherein the instructions, when exe- 
cuted, are arranged to cause the one or more proc- 
essors to perform the steps of: 

assigning the processing tool one of the sym- 
bols as an identifier for the processing tool; and 
including the processing tool symbol in the 
sequence. 



so 17. The computer-readable medium according to claim 
16, wherein the processing step is performed using 
a set of stored process parameters, and wherein 
the instructions, when executed, are arranged to 
cause the one or more processors to perform the 

55 step of linking the process parameters and the 
identifier. 

18. The computer-readable medium according to any 
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one of claims 14 to 17, wherein the feature com- 
prises a plurality of defects on a surface of the arti- 
cle, wherein the instructions, when executed, are 
arranged to cause the one or more processors to 
perform the step of generalizing the plurality of 5 
defects as a pattern database object having a pre- 
determined shape category subset. 

19. The computer-readable medium according to any 
one of claims 14 to 17, wherein the feature com- 10 
prises a plurality of defects on a surface of the arti- 
cle, wherein the instructions, when executed, are 
arranged to cause the one or more processors to 
perform the step of generalizing the plurality of 
defects as a pattern database object having a pre- 15 
determined location on the surface category sub- 
set. 

20. The computer- readable medium according to claim 

1 5, wherein the article is a semiconductor substrate 20 
and the feature comprises a plurality of defects on a 
surface of the semiconductor substrate, wherein 
the instructions, when executed, are arranged to 
cause the one or more processors to perform the 
step of receiving the feature attributes from at least 25 
one of an optical inspection station, a wafer inspec- 
tion station, a scanning electron microscope (SEM), 
an atomic force microscope (AFM), energy disper- 
sive spectroscopy (EDS), or electron spectroscopy 
for chemical analysis (ESCA). 30 

21. The computer-readable medium according to any 
of claims 15 to 20, wherein the article is a semicon- 
ductor substrate and the feature comprises a plural- 
ity of defects on a surface of the semiconductor 35 
substrate, wherein the instructions, when executed, 

are arranged to cause the one or more processors 
to perform the steps of: 

receiving a defect map of a plurality of defects 40 
from the inspection tool, such that the attributes 
of each defect comprise a set of coordinates 
corresponding to its location on a surface of the 
substrate; 

dividing the substrate into sectors; 45 
associating each defect with one of the sectors 
based on its coordinates; 
counting the defects in each sector; 
comparing the number of defects in each sec- 
tor to a predetermined threshold number; and 50 
associating the defects in a first one of the sec- 
tors with a category of a pattern database 
object that includes the first sector, when the 
number of defects in the first sector is greater 
than or equal to the predetermined threshold 55 
number. 

22. The computer-readable medium according to claim 



609 A2 16 

14, wherein the feature comprises a plurality of 
defects on a surface of the article, wherein the 
instructions, when executed, are arranged to cause 
the one or more processors to perform the step of 
generalizing the plurality of defects as a pattern 
database object having a predetermined fractal 
number subset. 

23. The computer- readable medium according to any 
of claims 14 to 22, wherein the instructions, when 
executed, are arranged to cause the one or more 
processors to perform the step of assigning inte- 
gers as the symbols. 

24. The computer-readable medium according to claim 
16, wherein the feature comprises a defect in the 
article, wherein a cause of the defect is determined 
and stored, wherein the cause is related to the 
processing tool, and wherein the instructions, when 
executed, are arranged to cause the one or more 
processors to perform the step of linking the cause 
and the identifier. 

25. The computer-readable medium according to any 
of claims 14 to 24, wherein the instructions, when 
executed, are arranged to cause the one or more 
processors to perform the steps of: 

repeating steps (a)-(e) for a plurality of fea- 
tures; and 

searching for corresponding identifiers based 
on one or more corresponding symbols of the 
identifiers in the database. 
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